US011292464B2

12 United States Patent

Pietzsch et al.

US 11,292,464 B2
Apr. 5,2022

(10) Patent No.:
45) Date of Patent:

(54) APPARATUS FOR A DRIVER ASSISTANCE (358) Field of Classification Search
SYSTEM None
See application file for complete search history.
(71) Applicant: VEONEER SWEDEN AB, Vargarda
(SE)
(56) References Cited
(72) Inventors: Sylvia Pietzsch, Billdal (SE); Eugen .
Schaefer, Unterschleissheim (DE) U.s. PATENT DOCUMENTS
(73) Assignee: VEONEER SWEDEN AB, Vargarda 026 o0l By ao0ls Thmocke ctal
(SE) (Continued)
( * ) Notice: SUbjeCt‘ {0 dally diSClaimer{ the term of this FOREIGN PATENT DOCUMENTS
patent 1s extended or adjusted under 35
U.S.C. 154(b) by 71 days. DE 10 2015 013 085 Al 3/2016
(22) PCT Filed: Feb. 12, 2018 International Search Report and Written Opinion of PCT/EP2018/
053462, dated May 14, 2018.
(86) PCT No.: PCT/EP2018/053462 .
(Continued)
§ 371 (c)(1).
(2) Date: Jul. 31, 2019 ‘ o
Primary Examiner — Delomia L Gilliard
(87) PCT Pub. No.: W02018/146315 (74) Attorney, Agent, or Firm — Dickinson Wright PLLC
PCT Pub. Date: Aug. 16, 2018
(57) ABSTRACT
(65) Prior Publication Data
A driver assistance apparatus being configured to determine
US 2019/0344787 Al Nov. 14, 2015 an object position sequence for each of a plurality of objects
: o . and generate an object track to approximate each respective
(30) Foreign Application Priority Data object position sequence. The apparatus also sorts the object
Feb. 13, 2017 (EP) oo 17155915  tracks i to at least one object group according to the value
j ol at least one parameter of each of the object tracks. For
(51) Int. CL each object group, a swarm function 1s genera};ed to approxi-
GO6T 7/00 (2017.01) mate the object position sequences of the object tracks that
B6OW 30/12 (2020.01) are members of the respective object group. A swarm lane 1s
(Continued) generated according to each the swarm function, the swarm
(52) US. Cl lane portion representing a portion of a lane. A correspond-
CPC ........ B6OW 30/12 (2013.01); GO6K 900798 "8 method 1s also provided.

(2013.01); GO6K 9/00805 (2013.01);
(Continued)

Lt ¥
= .
e - L}
Rl - .LE.
") ] "l - n -
r - -
. <
.."._ .
LT
L.
£
A
[ -

19 Claims, 13 Drawing Sheets




US 11,292,464 B2

Page 2
(51) Int. CL 9,738,279 B2 8/2017 Eichhorn et al.
GO6T 7/246 (2017_01) 2008/0291276 Al* 11/2008 Randler ................... B62D 1/28
H /149
GO6T 7/73 (2017.01) . . 548
GO6K 9/00 (2022'01) 2013/0173232 Al 7/2013 Mels ooovvvivivneinninnn, GO8G ;/013(:;;
GOSG L/16 (2006.01) 2014/0160276 Al* 6/2014 Pliefke ..oo.o........ GO6K 9/00805
B6OW 30/14 (2006.01) 348/118
B6OW 50/00 (2006.01) 2014/0358321 A 12/2014 TIbrahim
59 Us. Cl 2015/0022759 A 1/2015 Huey et al.
( ) e : 2015/0025789 Al 1/2015 FEinecke et al.
CPC .o, GooT 77246 (201°7.01);, GO6T 7/73 2016/0039413 Al* 2/2016 FEichhorn ... GO1C 21/3407
(2017.01); GOSG 17167 (2013.01); B6OW 701/26
30/14 (2013.01); B6OW 50/0097 (2013.01); 2017/0167883 Al* 6/2017 Pink .........ccccoiin, G01C 21/30
BoOW 2420/42 (2013.01); B6OW 2420/52
(2013.01); B6OW 2554/00 (2020.02); GO6T
2207/30256 (2013.01); GO6T 2207/30261
(2013.01) OTHER PUBLICATIONS
English translation of second oflice action regarding corresponding
(56) References Cited JP App. No. 2019-536022; dated Jul. 1, 2021.
U.S. PATENT DOCUMENTS
9,612,123 B1* 4/2017 Levinson ......... B60W 30/09 * cited by examiner



U.S. Patent Apr. 5, 2022 Sheet 1 of 13 US 11,292,464 B2

' :T"':*v‘-‘-gt-:r:-:-_'-'v‘f-'!’:;'-'f"j;‘;
: | ¥

S _#H-:-:ﬁ-:'-:-:-:-:-u:n:é a
o :

..............................................

..........................................................................................................................................

Fig. 1



US 11,292,464 B2

Sheet 2 of 13

Apr. 5, 2022

U.S. Patent

RS

e A R RN ..

-
" i,

oo T
- R




US 11,292,464 B2

Sheet 3 of 13

Apr. 5, 2022

U.S. Patent

T
1...'.”_. hlr...}.n.ﬁ.-_ﬂiﬂfl. .

SR
. .I..-...u._ll{r!.ih " .

15

dr.ww e o e W ow e ow g oW o
h

lllll

i

w . . -
ra i

-
- =

e b e o A & A A&

T T e e iy e R R BT T T T )

sk

..................

- e 0
PO N Wk




US 11,292,464 B2

Sheet 4 of 13

Apr. 5, 2022

U.S. Patent

o e e e e .

3t aE N NN

Cetatatatet - - > - N = -
. E ¥ Yl e e
P A
VI
N .

»

Hﬁﬁﬂ!ﬂ!ﬂﬂﬂﬂﬂ!ﬂ!ﬂ!ﬂ .
F A A A A

o A a a aa
I I

.HHHHHHHHHFH? ko

‘e

L]
]
r

i
5

-

:lr ]
]

erlr
r

i
" 'rJ.-b
L ]

s
"
:

- .
L LI « ik i A
iﬁr i
L !
.__..._..-..-. S ] 1.1-. HHI u..unv“u_

LJE A

.r.._.._...r. aF ok .-.“
ol ‘.T. R | L ]
LN LVt 'S
e ....‘ .
.._ir.”.t.rnl_-_ N r .
Tttt " *
ek [}
 x .
Pk [
P aa .
N i
L .

- -
.-..-.h.-.-.r. i

[
i
3
[
” o ”
b N
o ..-..u_ [ ]
A A r
A ) x
i i K "
ol i S .
- S i ] r
. u..! .HHHIHPHFHHH Hu_ &+
i _A [
- ey i -
B o o o . e e 3 -
i Loy ol - .
' . R [} "
o ) - -. r ‘” l-
-_.-.. [ 3
|
-.” i
s >
PN
iy | L AL
L | )
' rﬂnﬂxﬂﬁ -”........_H.._...
o A I &
KA M g W
.u”anxﬂnr.annnx ”4”4“...”4
MM NN NN & & & &
X N N NN W i & &
] L e
o ir o & &
I _E N XN NN dr iy ik
e x x X A X %X )
] ir &
i N [ i
L e e o e
E X X X X X XX [ i
i LN )
i i W ar
BN NN NN & dr &
[E X X X & X XK [ i
] i [y
E X X X & X MR & & i
i . . " . i g i kR R L]
X X XX N X . . . . . . LN R N R ) ir
_xannaannxnnlal : . RN .1...._-. PO A M .
EERRNZTE . ) ',
I B F * ®* ¥ [ - - - - - - = b i
ERXEEXERE . . . o M
R EXXRXRE ' . ' . . . . T Y r
R ER X X RN - . . g -
F i iy ' - - - - - N ir
Hﬂlﬂﬂlﬂlﬂll . PR i i IR . .-;.I#l. l}.
| 4 . . - ir [y
' o T ) .-_..1

ey

2
Al
Al

]

)
e
X
::!:x
ki)
»

]
R

b
b

F |
o
>,

i
F
e

H
H!H
)
H
~
-

-

N
k.

-
|

-
o A

1 A i
o e e o A o A e

- RN RN R N NN RN e e e N )
1r=-t-1r-tr1r-1r-tr1r-1-1r4r4r1r“l:i-

»

P . ....
Hl"l"lHl“H”H”H“HHH”H”H“H”E“H”!”FF
| L

»




US 11,292,464 B2

r b koS

»

A

L)

o b
| T B ]

e "N
i g a
o A
L = st iy
o L
- i N 5
[ oA X
- ' & &
4 s ik
- [ & . Y
. » P
- (3 N
n I.-. g ...n. .
P ]
n i B s
PN
n i kY &
n I# f L - P r
L 4 & F [
n H.__ N B e i P it
-

Pl P i L  aC A
”.._._._._.r.-_.._.“._-_.r...“_.__....__w AN LA N L Al W
» PR A e

l‘Ii'
F
» k
)
CaL L
r
X

S
e
“xr
*.*-'

>
o
»
L
L

L e
FY

*

q
a e

ol r
R

¥y X
%
x

LI |

xyata

"a-:qn:a L)

. L I
¥

b:l

L
ERUN )

[

*'r L]

.

J‘lr
rlxxy

¥

L
-
Tk ke

-:a-
b R Y

I
(S

F
L)
L

ER
xnxnxnxnr.nxﬂ g

L
A
L ]
_A
A

s 1

|

L ]
|

e
-

»
> K
L]
A
|

.'i'..t..'i'-
i‘#‘i LB
A
>
Al
|

.':IEIHH"HHHHI
A

A A M N N A M N
_M

Mo A A AN N A N A
Mo HoM N N

A M
IHH"IHHHH |
FY
E
Ml

; *
F F F & &
! ..”.r Eal)

Al
M
]

" =
A HHI:H-I o
]
x
Ml

x

KA HHI | l”l"

Al e

o

Sheet 5 of 13

ot
- ?l"?dx?l
HPI!PI I"
Al HH?!HH HHI A
E | H"HHH-I:I:H
]
> L ]

oM A M N M

e o e e

L]

KRNI

J-I.J..T‘-.“l.'l..'l-.' .—..T

F &4 & ik
-

Al Hﬂﬂxil! __ A

oy
H.HHHHHHH L

i

Hﬂﬂxﬂﬂ?ﬂ"ﬂ F
[

E N

H
o F!x?d
Al
Hxﬂ
.H"
A A A
)

o
|r

e
i
]
i
AL
i
i
L
X
X
-]
X

|}
|y
K
)
N
]
]

A

£
]
HH

o
F
|

]

N
Ll S
WO

o

E
o N K M A M N NN A
o .xﬂxﬂxxxxxﬂxﬂnﬂnﬂlﬂlﬂnl’?l E

A M N N AKX R E N
LN .

.F!HHRH o
]
I-' L ]

: 1.
e

L L * I
! xrnrnxnxxrxn.xn.n”n A

b
Al

A A A A A
'll

LN ]
A

Apr. 5, 2022

d
o
N

U.S. Patent



U.S. Patent Apr. 5, 2022 Sheet 6 of 13 US 11,292,464 B2

m."'-
"

a

N W W W W Y W W YW W W Y F W W

Y
T

i
N

]
-

R OE W W W W W W N W N W N T W W
' .
r
]

i
“a
,""#
i
rd
[
2
@
RO

m
gl i
a

.
.
T -3
i -, L
o . .
L] 1 [ ] L]
.
L] . 1 L] L]
L] 1 L] L]
.
L] 1 1] L]
.
L] . 1 [ ] L]
. .
. .
.
. .
.
. . . o
.
. . 1 r . u
.
L] . ' L L]
.
. . . ¥ .
.
. . . r .
.
.
. .
.
. .
. .
.
L] 1 . [ ] L]
.
. ' . r .
.
. ' . 'y .
.
L] 1 . [ ] L]
.
. .
'
. .
.
. .
. .
. R i L
r -
. » ENL I
L] r [ ] r L] 'E.. 1
. . r i .‘-P
. r ¥ " -
L r .
[ - [ .'I- .
. v Sl
L}
.
.
. ' E =
5
. r * .
L}
. r ] -
LY
L] r [ ] L]
.
. F . Ll .
.
e * "
.
. .
,
.
.

o T T T T T T T T T T T T T T T T
»

P
N B

-
51

478
':J L]
F ¥
.
-

E

* L]
.
. .
"
: e .
'y -
. Lo .
.
.

B J K E B N R N, R N I
e A A A A A AL A A A A AL R E e e om e

-

I‘m
gty
St L,

m‘
gttt

P N N N N N R S A I I I e e i e e = =y = =™




US 11,292,464 B2

Sheet 7 of 13

Apr. 5, 2022

U.S. Patent




US 11,292,464 B2

Sheet 8 of 13

Apr. 5, 2022

U.S. Patent

SR A L A A Sk kS
T O O O O Y ..'1'

uﬁu "

. ln.i.. f51e h “I_.-. -__.

.H x .. K

.h.b1 » . JA

L » o' %

- . .

Wt L E i

. » = oy

1% X - f

.Wﬂ x ”WE”. M h

-t e _.". LY

.Il._..u. » ¥ ) i

. F da %

_.._.....__.-. » .__." i

T : ..%r

- T - L

- - e o

PIF - ¥ » hJ

- - . [] T [ &
- H..l._- - T - r . - T ....ulJtrf.-.-..-_ N '
ra I : 4 X L F
] O . riy “ .ijltﬁh:
- T =T " . k. v rm .qu_.__..___I - "
.&-_..l. ..I.-_..i.._lul... ! _ 2 Parata i Lt
By s g et

' .hu r

K
T T I -pl,l.tﬂﬁéﬁ:hnhﬂ!gﬁil- ._.UMWUJ

]

Wl Lo

) lwle el

- T,__W-.--..--
PO W L

I Y

tm

™

g

" .I-

- -

L

g

w

]

" [ ] - o -”
T FEn e e e e e T e Tl

: : : u

A e

¥

i

o
T W T W W T T W T W T T T W T T T T W T T T TT T W W W W TOT T T T o T T T T T T T T T T T T, T, T

43

r
W R R M R Y Y Y Y Y YN T T T T TR T T T T TTY

LN

T il

.

-..-_ ..

- A i b N e N L A N N
i o b e e & ok kR R W R i o

y_ -
r

OB S A S S AR A A A A A A A S O O A R R
M L A A T L e A e A R L L A e e, e, e e e

8

Fig



U.S. Patent Apr. 5, 2022 Sheet 9 of 13 US 11,292,464 B2

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu
1

111111111111111111111111111111111111111111111111111111111111111

LN m e el el m o el el el el ol el el e el el e o el et el e el el e el e el el el el e e
.-

-.a.--..-.n.a._...a..|.-.-.|..-.|.|--. [l a.n.. it A [ L e

i.,;f mﬁ«i Emﬂ ?‘si e::;
- Z%é:'.s.raf’““’“ g

...........................................................................
e Rt R R F A R F A T K S K M S K K S A S
.

raiue e the net ..i_;%“
%ﬁ%ﬁf?ﬂm Fesdnty paints

..............................................................

..................................................................
L L L L L L LS S B L I L L L UL L L T L L L L L L A L L L L L LT L L L L L L L |

£ e %?ﬁ": e
Gebarnah W@Wﬂﬁéﬁ

":-ma:i s‘zaa-f-.::megf % Hih :

Lo

LS
.,.,---..-..-..---....--.-.,---..---..-..--..----...,--q NN -

¥y oo m{'x.;.* o ’“’E”-r‘%*“%%f‘»t?‘*ﬁ
E}Mﬁ

u
+ IR A T S A o A S A e e




US 11,292,464 B2

Sheet 10 of 13

Apr. 5, 2022

U.S. Patent

Y
l..ﬂ
I--”
I--”
l.ﬂ
I--”
I--”
l..ﬂ
I--”
I--”
l.ﬂ
I--”
I-”
l..ﬂ
-.-”
I-”
. : s
. ! 1] - . - . -I I-”
gt ! 5
11-_w e R ¥
an b
. ...__“____i i.__ 5
.l.1.|| 1t. -.” '
. lrl‘ HI - ”__. u
al ¥ o
X, L -
...fl . b - -..-“ -
. oa' - -
coauT M - s
e Pl .
o i .
.. ' R -
- = e B
.W-u.li 5 . -,
Pl L i 5 ;
© i . s "
e " o nwu. ‘ p
K n " o
I o . 2 g :
- r [ | o
--.Hu P -.!ln.‘“- et - -
ey At : % :
“u" . .l.._.... Y o -
A & § _
- L ".
P i ] . L o
e ot \ P .
w'r r IH.I._- ' -..-“ ”
r.:.._. . ..._-......l-.l i '-_. “. :
-_ - r -..-“ o
. _1.-_!-_. .M B ...”” v
IIIII . l.._ar ﬂ.i. L :
yﬁ’- - T m.l. . - o
e . W X
-F .-' e . -.
h a1 ....- L Al . .
gl - l....ﬁ]l.......l.u . - ...." . - . B -
i e -t i o . -“ - . - - 1 -.
vt % s - ._...___.“_. bt lmwhﬁﬂ v .
. !._1.n.-..rrl.--1 - x . r . .'l.. - " o L a .. -
=, F - -. n..l.f.. .. "n .E‘t.lu .11.. o
. Fl L .I.-. . '-.Tl. . l.} A . I- -
B l.. -“. . !_l.. -.'r_" o ..I.lu.-l ™ .l.l =
.y .“. " . T lkw.. N W -
a'y . o P ~N..w. y T ) ) "
. lu.r_“_.. L) ﬁ“m. o ..-_.u\t—.. ) o . m"
- Ea" I .“. -” s Fb..u.r.r. R lt.“ ..'....r.-.l. :.. w
.- l.ﬂ..t.... .- " . e ...u.t__.l.. .1-..........! A ] W
o n l-” & - - Lo ll W
e L v “ﬁ. L -~ " v
I.J.“..JL. . ll - l.-.I. [ ll. v, .ln % n .
X . - . . & .. "
Rt 4 . R m :
f.I.-l.. .l. . o .r. " ' T RS . J X
e’ o . - " y
H .lr.”_-_r. I“ -” . . .u- tll.l ¥ L o .
=y “... . ...% e .q.,..f.-._..r ".... v
il R e & . . jH - . . . ...
. W - _ . .-I. -. 1 | . . ... - I..Iq' .l.rl I.Iql.!l.l.hl._-].r.lliul..”_.h_l . R [ -..
L ' .r.w. " . " "
X l. " - ' -..
J . W T o -
.r- “-. " .I.”..ﬂf_,. -..
s e |
i R "N -
' s . E P -,
' " Ml N '—. "
r - e L .
> " or oA L X
’x e v
.i“ -. . H “.].I. 1.'. -..
" " " . » -
r W -w . 2 ;
._.‘. . - I.:.._.._I. . x -..
. l-. M l”!.l.-. . ”-. l..
> e o .
x oy - ey .
[l --. lfl.l.- - . w
3 .“l“m".J ”“ L -.... R ”
E. L .. o~ ) .
* S - ._”_ .
“ A X s v k
. i L '.-_ L
o Rty P " - W
: el " “n -
-_“f - - " ' .l i
v . - ', i i 2
i g - g - X "
N Y - :
-l P [ e i ..-.-. I -._
- R ‘W s s
- . -.r.-...... . , ..-.-. .I.__ - -.“
% Bl B .y a - " 7
iyl . e o - " o
[ . L A i = - "
iy . ‘m ] e _-_.”. - -. ..ulf.-.._._.l N -“”
o o .i- .”- _.nrl..li.....l ”.- . ..I.-_.r..-. ' ”
"". ol . L LN ’ .” el AT ..“. . |”......il_-|1 . “
g M T I..l.k...rl..-...f.r.[... . . ..-.-“ . l_....r.tl. - T.__ lli..r-.llqh -
ey i LI . ” ) = . - . k,
s By - ‘» _ . »ma ., " [
e s " T e e iy " Tata, . il
A e L~ TN b,
Llu-.-i-_h = I - x . T [
mla “_.. e R ﬁﬂlﬂlﬂl ..w_q. R L,
' . .l_r.-___-._._;. . "¥ -l ) T e v L 3 . . 3 . : T.._.I..l._..-. -
T it - RO - " ' . Ve - St . I
. - Il ..-.-. - . a ke . oy ' .. -k 1....rll . ...-_.
L l.l..l.r.[.l . - N il iyl — * [ I.r.-. 3 .r.-.11l i 1 :
' ] -.| - . “h. . -.”. - [ ] 1}. - T.I.r.'...-.' LT i of .I..- .
Sl . - i [ X ) Y - .-.U_-__ru [ . m ._..I.
'R " - LI . B - W e - . A il
Bk s R | . T P,
. N~ e Saall ot - . ] ' . o2 Leym
g ...I_.....l .L-.'.__.ll._-. e e .T.ll.]...nl.l] . ..”. L] '.1.__.-_ LI . - |!-__..l.-_4
“vi - l]l]....-ul .__” = a i i l-.._.-_ﬂ....ri.l =g -._l . * Ih.f..”l-..a[. .“. - i Irll.rh.l..l.rl..
e N LR - '. atm o " e = - . -
¥ et e wiwals . - . ¥ . : -
_.““. Tl A " w" ...._1.4.____._.. Rl - . " Tl ooy .......:la...q
. L L i C - . -y R " i g . . .
. 3. N ..._....-_l.....-..lln . - l_-.“.._ N ¢ - a l.l..r....l.r.l- .
1.. o : ] - I.i-. - " .
e . .w..-.-_t_... " . X N ale
ﬁn .h‘.-. - .l. - - - _1.r[.t il I_l.__i_.l.l. ! o
g e e
" aie" R A T et
. - - > - - . o . .
- o znﬂ&..ili.-aﬁn riThL_..H..t o e
i 1 ! LA . -.l. - Iul_
—_.._ e . ¥ . .-.Hll_q.._
M. i .-I W -.-n . ._-u.q
b o %
i I.ru..-.l‘. . TNy -.-n _ri..-.h ' I-.. ot
[ e 'R a .
" ol ! N
rI. um N “.-_ .I._-..l
.-_.--.._ : Ty 5l .
N r B "
» ' -.lj... ' It - -.Ibﬂ.-.‘i. -J
- .}h...l LT . ‘gt a -.-n
+ . . t g & -
h P [ ] e K
J‘.‘ ' at T . W |.1l.-.\l 1-1.
' ' Tt " -.-n
r l.-rT “.; .i-i.l.-..]q - = -”-_
L - hrll- ".. LT .-.”.._l. ”“..
r ' ilh-..__. B L] i .Lu...”r_...t.-_ 1..”
-~ " ", . -.“ st .._u. )
- c..- - r r, A o
. %?ﬁn o -
e NP N NN RN
T n A A A A A PR L. o rroroa .r.r.r.r.r.r.r.r.r.r.rllllI-I.h.h-.-...-...ﬂ-1. ..1-1. U .
PR e e £ a4 1 o N NS B D D BB CATCAL N
e P v v v w4 ? ........................... il .
.............................. n . - 2 k& & b k&

g, 11



U.S. Patent

g

N RO -

[

ok Nn

Apr. 5, 2022

DL I
i, e -
i |t|q-+r*-r"| [

Rty

-
"
N
rl
-k

g
‘--
&

Sheet 11 of 13

Fig. 12

US 11,292,464 B2

.
L A
S
2
ll-‘.
r 1': '
.
+-Il-|. .
b}q-'r.ﬂ
et

T T N o N N N T o "N o N N N T N ) -..
T T T A e
L

oA e i i i 7 e i e i e e i e e e e e e i i e i e i e i i i i e T i i i e o e e e i e e e i e P i
o . s . A e e S L. [ - ' .. . A .. . . . . .. x . . - . W -
M A H AEEE] - - o= o= P . 1 e . . T . - 1 b |
-H"l"?lx o [ oL L oo . . i} . i} . i} . . § . . ...,J i}
i L PR " b"
Mo I - LLE . . . L ¥
l-l;."" TRt W omom - - A n R - -7 ..*
HE x - - - = 2 F bk kb b . r m = 2 bk u w b hors b omow oo - - - | R -  wy
M A N . . - LB BT ] 1 ]
HAa X A - - - - - - - - L L - - L - - - - L L R - R U U TR -  my
illiﬂix E } - ) . S L IR .‘,J
MM [
- Wi - - - - gy -
FREE W
- i i, - - . - -
Mo M ]
- R - - - .
i i [
AN Al A =ad
A [
A A -at -
i i - - - k-
i - - -yl
2 lll-l" - T - - - - - - - - - - - - - - - = - - = = = = m 78 r*rFrs == EE - = = - - - _i"_ -
5 R " . [ . P e e e e e - D m v kP ko k . - ¥
. Y =1 = ur P r - m N T oyoy o . I T I O R I == onon ko or - - " om o hom - b
e . - o [ WY T Ty A b oa RO LT e b e - - e r Lo . e oL LT )
- T T - - - - P T T T P o T - - - - R - [
l'?l.?l-?l - - L] T T --------------..J
. . - - - - - - - - -y - - - - - - u
AN [
:u:a:n .- . T AT v -.'-.'-q.:
4 4
Ay kg e, W "
d
oo l:!:l!:ﬂ“l- "l.I-IIIHI-H.H.I-IHIHH-IHIH MMM N
Bn o A A r ¥ - . e e e . P .. B - - T . . " 1 ¥
-H-"HH" " - - - - o 4 . T . oL Lt - . - - - - - - - J.
B e TaT " )
L - - - - S DE
-1 i L . . . . i
N oA E - T oa . - - = = - - - - - - - r = = r - - - - - r bt ]
-HHH-H" " - £l A I L b‘q- . 2T . - - - [l
-1 P P T N L] ERIEN CR T R R S LN )
N, - - 2y e - - - - m o= oo - = e e e e e EREE I T T I LN P - - = = an -
NN M LA aa . B T IR PR T
. - - - - - - A ey mror - PRI . " s omom - - - B - - = us
-';."-. "n't'_ ] . T R . T BERCIE] N N
- - BE = - - - = = k- - - = = = = &= = om b= = - - - Eowr - - =
oM W . a g n . . L. - Ry
WM W - . Ll N N Lo = P R - - - - - = v L = o= r - - .= =
gx A W M 1 TR or om - . A . - y e L P L 1 L N - i
T i " B 'b'a-'a-u--r-ul ’ e e T T e YT RN e Tt h T TN h e . '.-"
"x"x!u" - - T B o e e e e e ko m e e e w - = o T . it I
-lﬂilﬂil -, B e e I e R A . .- I - '..';
"'"ﬂ"ﬂ" - T mom ! e - - - "- : - --.'J-
1 -ln'l:l!?l" _ _ _ LI S I - i__.-l-
- N - [ 3
C iy - - - - -
nA A . [
e - - - - - - - - 1--.1 .
e _ _ _ _ _ 1,
Al . . . ' - ¥
- "7'-‘-;.! Lt P b - . Coe e e e LTSt . . . T P . 1 . - . . - . . .. . . .o "y et .. r . o . '.,"
e R R N R R O N R R R R R L
I:I:H:H: "".:?l'l:ﬂil H:-:I:I- .l:ﬂ:-:l:ﬂlﬂ:l:l:ﬂll: :-:l“I:I:l:I:I:l:H:H:l:I:H:H:H:-:l:l:ﬂ:ﬂ:l:ﬂ:l:llﬂ: :I:H:l.l:ﬂ:l:l:ﬂ: : :: e -l -l:l:ﬂ:ﬂ:l:ﬂ:l"l'ﬂiﬂ:ﬂ:ﬂ: .I.I:l-I:I:l:I:I:l:I:H-l:I:I:I:I:I-lillﬂ:ﬂ:l:ﬂ:l. :II:I: : : :iI:ll:I:H:I:I:H:iI:H:l:I:I:l:l:ﬂ:l:ﬂ:ﬂ:ﬂ:ﬂ:ﬂ:ﬂ:ﬂ:ﬂ .
IHI-HHHHHI | IIH.I.HIHII A A A IHlIIIIIHHHHHIIIHIIIIIII#’IIIII AAdAAAAAAAA IIIIIIIHI’H’H’HHIII || A A A lllllﬂ‘l LR EERLLERNLNEN N HHHHHIHHHHHHHHIIIIHHHHHHHHHII
-H-l-l Ha . |.. . B i A . . St i Ha St el : . . . B S n h il 3 r| o
ity - ; e ; ; - ; . ; .- ; K,
i - s 3
N
T, ) ) ) woereT TR --:*
E - L mo.om o= - R T |
H'H- L e - |.'1"1" "l!r'll‘ﬂr__ﬂ!.#". T rA kror T . -!_-r_!"_
e B IR S
i - P P LT U
i - - - = m e e oeEE - - - - . . - = = n muk
i, | LI . 4 L
S - . - - RN o ._.._.

) Sy ) o ) . ) o ) ) ) ) _— ) . ) L 'y
';‘""" . . . Lo T e C e e e P . " " 5 T ' "..‘
Mo N LR B B A I I N I I A I I L A A T B B I T I A A - = =1 = = r - - e =4
Ei | . L e e e I B B B R B R e L TR T T T Rl T I T U " N LR T " " " [ 3
-IHHHH -'.- - L LT Tl W, - 1. T -.\.llb = - oo .--!| -
N M A LRCI) - - - . - - - . - - TR == - - P = anl
WM A . .t . a . *
AN L - . - " - on - [ ] -ty
HH‘IHH I. IR N N N " .,"._ . _ __.-I
N - . - -
N - x - - - - - 4
., | " s oa oy - - £ [ 3
H'-Hl L - : +
i . g = 21 -
Mo A A A oA A AN NN N M_MA
?l;‘lllH lIIl;‘IlIIIII-H-H-H.IIIII-IHIIIII !
WM. M N WA A A A NN NN N § 4
H.I-__' FA R ELER A EELLEEEEREEEEREL BN EEN LN ENLNEN,] '

A N M . - r - . - § X 1 !-
AR . [ ' . - roe . - . - - - - - =« =l
A A ] i ' i i ' i ] L ' I
ek . - 1!
i e - - . - . s
A AN 1 L] - L]
N A e ey - moE . - |
Mo W Ml L] LR ] - n = - h L I £l 3
i - - e - - n ror - Ea - - - a - . -  mll
T e ] - . 1 ] “k . “k
"l-l-l - - . - - - r LTI . - - - - [ R T B e R R R R R R R - o= - - L e - =ty
M v . R . R I _ . oL . . R . o L. - L TN N N I DL T R B e L B T ot L i.J.-"-.J,‘ - - - - '.'_-."1'-'- - 1*1'-' - Y L -.I
;u: J | PR AT l'h'kb-| L] - X - T s E R R E R R N T A kA TR R N Ry Fa e LT R R T T T 4.*:.-"|.:-|:-. :-."’-~‘=J
- - . - - - . - - . . e -, .
E . [ ] [ ] . . .
i'l. 1 . - ll
1) - . - m ot - ntl
-" - LRI T T T T .-I
- . - . - - R
"y P ’ A
' A A LD i
- H.I-l. Jlr _lll --.J
:H:I:H JI I~l:l1 - -=-I
g .
L A - -l
i 1 . o . 5 . . . [ - . .. . . 1
"I ii" L - Ao - w o o m L N - A e - o o ~n 4 L n - ko o - - e - i o L 4 n -- . N 4
| AMMET ANRLMEAMNAENENLNENEEAEN Y BN AN NENENENNTN E e e e e e e e ey e e i WA E NN EN NN HmAr JNAEAEINENEEENNAN AN EAENENENB | . o]
AN A HANANMNNEAHNAHNENANAEAN LN N MAANMAANAANNAAENNAN A MAANAANYANENNANENR M AN A NN ANAAAXYAANEAANAMNSINEANEANNEHN AN A A AHANANNNANNNNA N L HA AN AAN AAANMEANAANANAHNENNNENR '
LN T R B B N LI I R I L I I B T 1k LI T D R T T IR DR I I B B R T R DR R D D R R R NN B N RN B B B B ) LI IR DA I I N L U I I D D T B AR B N B B B LI I I I R L I R . R R R I DAL R R N I D RN I I L L DR D R T R R L I R DL R I B B B N L I B B |

Fig. 13



U.S. Patent Apr. 5, 2022 Sheet 12 of 13 US 11,292,464 B2

N F bk b bk omom v m = == .o
R S e e e e N N TN b Al
R T R T e e ol S el " S N )
. e T e

- L v p ki hFhorw
-y
e

r
. M s s e e e .
- r n kb k k kb ko k
U U
P D
. LT

LY
L h kb koo
P

=

. r
R B
. N N .
Ty N
- .
. Y
.
'l.' L L B B |
Flp b
EEL R F kb bk k
1

.- .
o -
L o T T
LR T R
N T
P R T
O R R R R R R R I TR T T T T T T I T T T T T T I I I I I I I B I I A I A I A I I R A A A I I A A A A A I A A A I R A A A A A A A A A R A A A A A o T i L e T T L |
- kR kA Sk kA A A R A R R A R A A A

[ T e T o o o o e e o e Sl e ol e el e e e e e e e e el et e Tt . S Sl il i i il i T il el el i - .

L |
gy dm

= : .

s

R R R . r

.
-
T
.
:
-
3
-
:
y
:
T

r .
1.|. F ko homon Bk
+ N = = % kF F k& [ & '
1) = = =k Nk omoE - .
. .|':J.- SR, N R
- - i
. - 'l*-'- [ . . 1
. .“.*J"‘a. ) “n - l- -
- L S : .
T T R N O it T AL
-__t_q.‘--.:-lb--' = - [ LI i

.
4

B R R e A B R R R R e R N R R T i

e e el e e e e e e ey === o= o= .

. ) 0 0 0 0 L [T b .'.'*'*'
L Y NS e -'f'—"- wrrE
LA T L Lo

- T

e m e e e e e .
e W W WWWNEEWY Wy T maa = e e e . .o
B . . En bl MM N A e SR I I R T N R A .'-.'-'l'l;l_'_i-.'_\'_lr_.h_.l_ o

.. "

. -*f-h--' rF e e e e Bk r s rE o
m F h = = =2 =5 = 7 1 LI I R B ) I'I LI I
L. s s SELELELRLRLR B

r;t:l 1-;:-. H

T

Y

T

-
1
-
4
-_W W W W W '.‘
-
o s -‘
SATLTUTOR 1
-
i P
- - }J,-J.-r
- i
_l il._|_l._ll_ ) 1,
]
- 1
L]
-
L]

d
-
]
[




U.S. Patent

- L] 1----
e e e e e T T T
B L P
P R )
P '
nn == »
- - 3
- - - 1=,
i .
- )
- - - -
e - - e e .
STLTaTe
T .

i

'
'
'
'
'
'
'
a
'
'
X

- N
Ll

'
-

'
'
'
'
L |
LY
-
r
[
-

AL ] ] ot
- - L N ] b_b_l_b_-_-:l_l_l_llblbl_h**l_*-J-.
a = -

3
¥
;

x oxlxx

xlm

x x

a
'

a
'

a

L

'
.
'
'
.q..

.
]
a
a
a
L o

Fin

Frlete

4 11
[

“r
.
a

-

*.

NN N N R N
s
-

Al S R S A

. e s e e e o= s P - . = = e . - . -
- - m h . r hoT R r a Fh r * ou - . . . -
LR -v‘-"l.- KT R o P L e TR TRy e -:A [
. e s - .. e . . AN . . . e
. . .

Ll
n

W m

"

= ow

=

" om

[y

Apr. 5, 2022

L T T T I T ]
e_3_3.3.3.31 1711373

1 ]
. . R
4 = -
l'.l'. L)
v L
]
. -
RN RN
P e L AN
o b de b

R EREw b|"|.-:*':"‘:ql-';.-

o

40 W wow

11 3.1

:‘-i-.-l-l-l-l-l-l-llll:l:l:l o

Sheet 13 of 13

2Taala" s ata’aaaa'a s a s n a2
AT R e e e e T e e

11111 1]-1}11'1:“1
P
r

4 %

FEE XX XD
e

§ = = = 3 = = = 5 35 7 7 7 = 7 = 3 3 73 7 777 " 717771 71T = 717"

-

T T
-

R

US 11,292,464 B2

- - I T T I
ll-llullullu*I-lh*hblbhbllh*h*h*lk

.
[

- d
du dm A

T -r
r s ¥

rrrroxd

a
T
-

PR NN

*
Sy
ar

ra e n ey

-|.
.

]
a
]
_F
r

lr.dr.lr-lr.r.r-r.dr i b i -'r--ll

-rdr-'r

-
.
*l
lr.
L}
L}
]

R R R AR R R R R NN,
" 1 = 7 7 m 7 7 7 ® 77T 77 7 E 1T E 7T eom
R L L

T

rFr

r

-
[ ]

" a -
-

+




US 11,292,464 B2

1

APPARATUS FOR A DRIVER ASSISTANCE
SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a 35 U.S.C. § 371 national phase of
PCT International Application No. PCIT/EP2018/053462,
filed Feb. 12, 2018, which claims the benefit of priority
under 35 U.S.C. § 119 to European Patent Application No.

17155915.6, filed Feb. 13, 2017, the contents of which are
incorporated herein by reference 1n their entirety.

FIELD OF THE INVENTION

The present invention relates to a driver assistance sys-
tem, and more particularly an apparatus for a driver assis-

tance system for determining lanes.

BACKGROUND

In order that accidents are avoided and driving laws are
complied with, driving a vehicle requires concentration from
the driver, often for prolonged periods. Lapses in this
concentration from the driver lead to increased risk of
accidents and/or non-compliance with the law. Increasingly,
driver assistance systems that are capable of performing an
assistance function are fitted to the driver’s vehicle (here-
inafter referred to as the “ego vehicle”). For example, the
assistance function may include relieving the driver of some
of his/her driving duties, or may include monitoring the
driver’s performance 1n order that errors may be anticipated
and/or avoided.

Alternatively, the assistance function may mntroduce some
additional functionality not ordinarnly available to a driver.
Such additional functionality may allow the driver to have
more information than they ordinarily would do, 1n order
that they can perform a driving task more easily, for
example. A rear-facing camera for example, which can
provide a video feed to a driver when reversing, constitutes
an example of such an additional functionality. In this
example, the video feed allows the driver to reverse-park
more easily and safely but 1s not actually necessarily moni-
toring the driver’s performance or performing some task for
them.

Driver assistance systems therefore mitigate risk for the
driver of the ego vehicle, his/her passengers, and other road
users. Ultimately, it 1s thought that driver assistance func-
tions will be developed to such an extent that they can
control most, 11 not all, aspects of driving an ego vehicle. In
this case, the driver assistance systems will be an autono-
mous driving system.

Driver assistance systems may include active devices,
which are capable of actively intervening in the operation of
the ego vehicle, for example by changing the speed of the
ego vehicle. Driver assistance systems may alternatively or
additionally include passive devices, which, for example,
notily the driver of a particular driving situation so that the
user can react to the notification. For example, the driver
assistance system may make an audible signal when the ego
vehicle deviates across a road marking unexpectedly. A
given ego vehicle may include both passive and active
systems.

In general, a driver assistance system may include at least
one sensor. A particular sensor may measure parameters of
the vehicle or its surroundings. The data from such a sensor
1s processed i order to draw conclusions based on the
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2

sensor measurements. The driver assistance system may
then trigger some interaction with the ego vehicle, or with
the driver, based on the result of the conclusions.

Examples of potential sensors used in driver assistance
systems include RADAR systems, LIDAR systems, cam-
eras, inter-vehicle communications, and vehicle-to-infra-
structure communications.

A driver assistance system may be used to control a
variety of different aspects of driving safety or driver moni-
toring. For example, ACC (*Adaptive Cruise Control”) may
use a RADAR or LIDAR system to monitor the distance
between the ego vehicle and the vehicle immediately ahead
on the road. The sensor 1s able to determine the distance to
the vehicle ahead. The driver assistance system also knows,
and can control, the velocity of the ego vehicle. The dniver
assistance system controls the speed of the ego vehicle 1n
order to maintain a predefined safety condition relative to
the vehicle ahead. For example, the driver assistance system
may control the speed to maintain a certain distance between
the ego vehicle and the vehicle ahead. Alternatively, the
driver assistance system may control the speed to maintain
a predetermined time-period between the vehicle ahead
passing a point, and the ego vehicle passing the same point.

There are existing driving assistance systems that monitor
the surroundings of the ego vehicle to 1dentity the position
of other vehicles and entities on or around the road on which
the ego vehicle 1s travelling. By momitoring the surround-
ings, such a driver assistance system can maintain a situ-
ational awareness for the ego vehicle. This situational
awareness can be used to notity the user of potential hazards.
For example, the ego vehicle changing lanes when a second
vehicle 1s 1 a blind spot, or detecting a second vehicle
cutting-1n to the path of the ego vehicle, may be notified to
a driver. The situational awareness may also be used as an
iput to an ACC system, for example.

Providing a detailed and reliable situational awareness 1s
important for a number of different driver assistance func-
tionalities.

In the majority of driving situations, vehicles are travel-
ling 1 lanes. That 1s, the road 1s split into a number of
generally parallel lanes, each of which forms a corridor
along which vehicles should travel. Sometimes the lanes are
designated by road markings on the road surface, which
visually indicate to a driver where the boundaries of the
lanes are. Sometimes there are no road markings, and the
driver simply has to take care not to stray into a lane of
oncoming traflic. Sometimes the lane markings change
along a particular section of road. For example, when work
1s being done to a road, the lanes may be narrowed relative
to their normal configuration.

In situations where the lane markings are obscured from
view (for example, by snow), or where road markings are
not present, it 1s not possible for a driver assistance system
to 1dentily the position and dimensions of the lanes by
processing output data from a camera, for example. Lane
markings may also be obscured by other vehicles or objects,
or simply the camera may not be able to distinguish visually
the lane markings beyond a certain distance from the ego
vehicle.

It 1s an object of the invention to provide an improved
apparatus for a driver assistance system and method of
operating an apparatus for a driver assistance system, which
secks to address some or all of these 1ssues.

According to the present invention, there 1s provided an
apparatus for a motor vehicle driver assistance system, the
apparatus being operable to determine the position of a
portion of at least one lane of a road on which the vehicle 1s
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travelling, the apparatus being configured to: determine an
object position sequence for each of a plurality of objects;
generate an object track to approximate each respective
object position sequence; sort the object tracks 1n to at least
one object group according to the value of at least one
parameter of each of the object tracks; for each object group,
generate a swarm function to approximate the object posi-
tion sequences of the object tracks that are members of the
respective object group; generate a swarm lane portion
according to each the swarm function, the swarm lane
portion representing a portion of a lane.

Advantageously, the apparatus 1s further configured to
transform each object position sequence into the rest-frame
of the vehicle.

Conveniently, the apparatus 1s further configured to dis-
card objects that are static relative to the road on which the
vehicle 1s travelling.

Optionally, each of the at least one swarm functions
defines a center line of the corresponding swarm lane
portion.

Advantageously, the apparatus 1s configured to generate a
left lane line with a lett lateral offset from the center line and
a right lane line with a right lateral oflset from the center
line.

Conveniently, the right lateral oflset 1s equal to the left
lateral ofiset, which 1s equal to half of a lane width.

Optionally, the swarm lane portion extends forwards from
the vehicle to a maximum swarm lane distance.

Advantageously, the apparatus 1s configured to receive an
input lane portion derived using the detection of road
markings by sensors mounted to the vehicle, wherein the
input lane portion extends forwards from the vehicle to a
maximum input lane distance, and; wherein the swarm lane
portion extends beyond maximum input lane distance.

Conveniently, each object track has a double polynomial
form including a first polynomial function and a second
polynomial function, the first and second polynomial func-
tions being equal at a polynomial point of equality.

Optionally, the first derivative of each object track func-
tion evaluated at the polynomial point of equality 1s equal to
the first derivative of the second polynomial function evalu-
ated at the polynomial point of equality.

Advantageously, the second derivative of each object
track function evaluated at the polynomial point of equality
1s equal to the second dernivative of the second polynomial
function evaluated at the polynomial point of equality.

Conveniently, the swarm function has a double clothoid
form including a first clothoid function and a second
clothoid function, the first and second clothoid functions
being equal at a clothoid point of equality.

Optionally, during the generation of the swarm function,
an intermediate polynomial function 1s generated function to
approximate the object position sequences of the object
tracks that are members of the respective object swarm, and
the swarm function 1s determined in terms of the interme-
diate polynomial function.

Advantageously, the object tracks are sorted according to
a value of a constant term 1n each object track.

According to the present invention, a method for a motor
vehicle driver assistance system 1s provided, the method for
determining the position of a portion of at least one real-
world lane of a road on which the vehicle 1s travelling, the
method including the steps of: determining an object posi-
tion sequence for each of a plurality of objects; generating,
an object track to approximate each respective object posi-
tion sequence; sorting the object tracks in to at least one
object group according to the value of at least one parameter
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4

of each of the object tracks; for each object group, gener-
ating a swarm function to approximate the object position
sequences of the object tracks that are members of the
respective object group; generating a swarm lane portion

according to each the swarm function, the swarm lane
portion representing a portion of a real-world lane.

BRIEF DESCRIPTION OF THE DRAWINGS

So that the invention may be more readily understood, and
so that turther features thereol may be appreciated, embodi-
ments ol the mvention will now be described by way of
example with reference to the accompanying drawings in
which:

FIG. 1 shows a vehicle with a driver assistance system of
a type suitable for use with the present invention;

FIG. 2 shows a first schematic bird’s-eye view of a
driving scenario;

FIG. 3 shows a second schematic bird’s-eye view of a
driving scenario;

FIG. 4A shows a camera-view of a driving scenario;

FIG. 4B shows a driving scenario;

FIG. 4C shows a driving scenario;

FIG. 5 shows a schematic bird’s-eye view of a vehicle
fitted with a system according to an embodiment of the
present 1nvention;

FIG. 6 shows another schematic bird’s-eye view of a
vehicle fitted with a system according to an embodiment of
the present invention;

FIG. 7 shows a schematic plot of an object position
sequence and position track;

FIG. 8 shows a schematic plot of an object position
sequence and position track;

FIG. 9 shows an overview of a method for determining xt,
as denoted 1n FIG. 8;

FIG. 10 shows a schematic plot illustrating a step of the
method of FIG. 9;

FIG. 11 shows a schematic plot illustrating another step of
the method of FIG. 9;

FIG. 12 shows a schematic plot illustrating two object
groups;

FIG. 13 shows four plots of the coe
tracks;

FIG. 14 shows a schematic plot showing two swarm
functions, which are generated via the present invention;

FIG. 15 shows a schematic plot showing the formation of
boundary lines, and

FIG. 16 shows a plot that illustrates a simulation of a
system according to the present mnvention.

.

icients ol the object

DETAILED DESCRIPTION

Turning now to consider FIG. 1 1n more detail, there 1s
illustrated a schematic representation of an exemplary driver
assistance system 1 installed in an ego vehicle 2 (only one
side panel of which 1s denoted 1n FIG. 1 to indicate the
vehicle’s onientation). The safety system 1 includes a num-
ber of different types of sensor mounted at appropriate
positions on the ego vehicle 2. In particular, the system 1
illustrated 1includes: a pairr of divergent and outwardly
directed mid-range radar (“MRR”) sensors 3 mounted at
respective front corners of the vehicle 2, a similar pair of
divergent and outwardly directed multi-role radar sensors 4
mounted at respective rear corners of the vehicle, a for-
wardly directed longrange radar (“LRR”) sensor 3 mounted
centrally at the front of the vehicle 2, and a pair of generally
torwardly directed optical sensors 6 forming part of a stereo
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vision system (“SVS”) 7 which may be mounted, for
example, 1n the region of the upper edge of the vehicle’s
windscreen. The various sensors 3-6 are operatively con-
nected to a central electronic control system which 1s
typically provided in the form of an integrated electronic
control unit 8 mounted at a convenient location within the
vehicle. In the particular arrangement illustrated, the front
and rear MRR sensors 3, 4 are connected to the central
control unit 8 via a conventional Controller Area Network
(“CAN”) bus 9, and the LRR sensor 3 and the sensors of the
SVS 7 are connected to the central control unit 8 via a faster
FlexRay serial bus 9, also of a type known per se.

Collectively, and under the control of the control unit 8,
the various sensors 3-6 can be used to provide a variety of
different types of driver assistance functionalities such as,
for example: blind spot monitoring; adaptive cruise control;
collision prevention assist; lane departure protection; and
rear collision mitigation.

FIG. 2 shows a bird’s-eye schematic view of a typical
driving situation on a road 15. The road 15 has three lanes
along which trailic can travel: a central tratlic lane 16, a left
lane 17 and a right lane 18. The lett lane 17 1s separated from
the central lane 16 by a lane marking 19; similarly, the right
lane 18 1s separated from the central lane 16 by another lane
marking 19. The outer limit of the right lane 18 1s designated
by a solid lane marking 20; similarly, the outer limit of the
left lane 17 1s designated by another solid lane marking 20.

An ego vehicle 21 1s shown travelling along the central
lane 16. The direction of travel of the ego vehicle 21 1s
shown by an arrow 21A. Three other vehicles, 22, 23, and
24 are also shown travelling along the road 15. The direction
of travel 22A, 23A, 24A for each of the other vehicles 22,
23, 24 1s also shown i1n FIG. 2.

Evidently, all of the vehicles shown 1n FIG. 2 are travel-
ling 1n generally the same direction (upwards). Accordingly,
the road 15 of FIG. 2 corresponds, for example, to half of a
highway or motorway. A corresponding second half of the
highway or motorway 1s not shown, but would be located to
one side (either to the right or to the left, as seen in FIG. 2)
of the road 15 (which side clearly depends on the country 1n
which the road 1s located). The vehicles on the second half
of the highway or motor would travel in generally the
opposite direction to the vehicles on the road 15.

FIG. 3 shows a similar section of road 15 in a slightly
different scenario to that shown 1n FIG. 2. In FIG. 3, the ego
vehicle 21 1s shown travelling along the road 15 1n the
central lane 16. The ego vehicle 21 1s fitted with a driver
assistance system, which includes a camera. The camera 1s
a forward-facing camera and generally views the road ahead
of the ego vehicle 21. The driver assistance system uses
visual information from the camera to detect a portion of the
road markings 19 1n front of the ego vehicle 21. The portion
of each road marking 19 that 1s detected by the driver
assistance system 1s designated by respective line marking
detection areas 235. It will be noted that there exists a
maximum distance from the ego vehicle out to which the
lane markings 19 can be detected by the driver assistance
system. The driver assistance system may also detect por-
tions of the outer lane markings 20, 1f these are visible to the
camera. Such outer lane marking detections are not shown
in FIG. 3.

Between the detected portions 235 of the lane markings 19,
the driver assistance system designates the lane 26.

FI1G. 4A shows a view from a camera of the sort described
with respect to FIG. 3. Overlaid on the view is the lane area
26 and the detected portions of the line markings 19. It will
be apparent that the detected portions of the lane markings
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19 and the outer lane markings 20 only extend to a maxi-
mum distance from the ego vehicle.

FIG. 4B shows a scenario in which 1t 1s diflicult or
impossible for the system to detect road markings because
the road markings are partially or fully obscured from the
camera’s view by other vehicles. Such as situation may
occur, for example, 1 very heavy tratlic or in a tratlic jam.

FIG. 4C shows a second example scenario 1n which 1t 1s
difficult or impossible to detect road markings because the
road markings are obscured from the camera’s view by
snow. It will be appreciated that there are other reasons why
it may not be possible for the camera to detect the road
markings as well as those illustrated by FIGS. 4B and 4C.

FIG. 5 shows an ego vehicle 30 fitted with a driver
assistance system including an apparatus according to a first
embodiment of the present invention. For brevity, elements
that are common between the scenario of FIG. 5 and the
scenar1os of FIGS. 2 and 3 are not described separately with
respect to FIG. 5. Suflice to say that the ego vehicle 30 1s
driving along the central lane 16 of the road 15.

A first object 31 (a vehicle) 1s driving 1n the left lane 17
generally in the same direction as the ego vehicle 31. A
second object 32 (a vehicle) 1s driving in the left lane 17
generally 1n the same direction as the ego vehicle 30.

The ego vehicle 30 1s fitted with at least one sensor. One
of the sensors may, for example, be a vehicle RADAR or a
LIDAR. The driver assistance system uses the data from the
sensor to measure and determine the positions of objects
within the field of view of the sensor (s) that are located 1n
the vicinity of the ego vehicle 30. In the scenario shown in
FIG. 5, the dniver assistance system has detected two
objects: the first and second object 31, 32. For each of the
first and second objects 31, 32 the drniver assistance system
sequentially measures and determines the position of the
respective object 31, 32. The measurements are made peri-
odically, although this 1s not a requirement of the present
invention. What 1s important i1s that a sequence of position
measurements are made. The object position sequence for
the first object 31 1s illustrated by the first object position
sequence 33. The object position sequence for the second
object 32 1s 1illustrated by the second object position
sequence 34.

I1 the first object 31 travels within the left lane 17, then it
will be appreciated that the first object position sequence
generally follows the course of the left lane 17. Equally, 1f
the second object 32 travels within the right lane 18, then 1t

will be appreciated that the second object position sequence
34 generally follows the course of the right lane 18. The first
and second objects 31, 32 are each moving relative to the
road 15. On the basis that 1t 1s likely that the first and second
objects are each travelling down the center of a respective
lane most of the time, then movement of the first and second
objects generally maps their respective lane path.

FIG. 6 shows a more complex scenario for the ego vehicle
30. In the scenario of FIG. 6, the ego vehicle 30 has detected
s1X objects: the first to sixth objects 35, 36, 37, 38, 39, 40.
The driver assistance system has sequentially determined the
position of each of the six objects 35, 36, 37, 38, 39, 40 to
form six separate object position sequences, shown as fol-
lows on FIG. 6:

First object 35—object position sequence shown by open
pentagons;

Second object 36—object position sequence shown by
open squares;

Third object 37—object position sequence shown by
filled circles;
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Fourth object 38—object position sequence shown by
open diamonds;

Fifth object 39—object position sequence shown by open
circles, and;

Sixth object 40—object position sequence shown by
four-pointed stars.

Each measured position may be transformed 1nto a rest-
frame of the ego vehicle 31. Accordingly, compensation for
motion of the ego vehicle may be achieved. For the avoid-
ance ol doubt the rest-frame of the vehicle means a coor-
dinate system in which the ego vehicle 1s at rest, or not
moving. The ego vehicle may be at the origin of the
rest-frame coordinate system. The transformation into the
rest frame 1s performed for each sequence of measured
object positions for each time step (1.e. each time the
functions are evaluated) to compensate for motion of the ego
vehicle.

Objects that are not moving relative to the road, 1.e. static
objects such as trees, road signs or other road furniture, may
be discarded. A discarded object 1s not used 1n any further
processing and cannot therefore be grouped into a group of
objects. A discarded object cannot therefore contribute to a
swarm function.

FI1G. 7 illustrates a single object position sequence 41 for
an object 42. The object position sequence 41 1s shown on
an X, y coordinate system 1n the rest-frame of the ego vehicle
31. The origin 43 of the coordinate frame 1s the location of
the ego vehicle 31. The current position of object 42 1s
shown as a schematic vehicle. The object position sequence
41 1s plotted relative to the origin 43. In other words,
regardless of the frame of reference in which the sensors on
the ego vehicle measure and determine the position of the
object 42, the positions are transiformed into the rest-frame
of the ego vehicle. An apparatus in accordance with the
present 1nvention captures a number ol object position
sequences.

For each object position sequence like that shown 1n FIG.
7, an object track 1s determined, which approximates the
object position sequence. The object track 1s a mathematical
function that best fits the object position sequence, 1.€. 1n the
terminology of FIG. 7, y(X) 1s determined, where y(X) 1s the
function of x that best fits the data y. y(x) corresponds to the
object track for the corresponding object.

The mathematical form for the path of a lane on a road 1s
typically well-modelled by a double-clothoid function. A
double-clothoid function 1s a mathematical function of the
form:
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(yi=ap+a;-Xx+ay-x*+az-x°, x < xT

Yobjt (X) =3
J L‘.1"?2:"E!'_"{j'|“‘f!3’1'.3f?'|“"}?2'.3ﬁ'2-|-"f"?3'JKI?),,.JKIT-_:"_J{ZT

Where y1 constitutes a first segment of the double poly-
nomial and y2 constitutes the second segment of the double
polynomial. a,, a,, a,, and a, are the coetlicients of the first
polynomial; b,, b,, b,, and b, are the coeflicients of the
second polynomial. The coeflicients of the first and second
polynomials are the fitted parameters when determining an
object track. An example of such a fitted double polynomial
function 1s shown 1 FIG. 8. The first segment 44 of the
double polynomial i1s shown in the first region 45, where
x<xt; the second segment 46 of the double polynomial 1s
shown 1n the second region 47, where x=xt.

The fitting of polynomial functions to a sequence of data
1s a well-known process, which will not be described 1n
detail. Nevertheless, an example method 1s least-squares
fitting. However, a number of constraints are used during the
object track fitting specifically.

First, value of xt 1s determined, xt being the value of x at

which the double polynomial function changes between the
first and second segments of the double polynomial 44, 46
(see FIG. 8) for each object track.

FIG. 9 shows an overview of a method for determining
the transition value, xt. The method 1s an iterative process
for finding xt.

The first step S1, on the first iteration, 1s to create a grid
point matrix based on all of the points 1n a single objection
position sequence 41 corresponding to one object track. In
the first step on the first 1teration, there 1s no selection of
points from the object position sequence—all of the points
are used.

The second step S2 1s fitting a single polynomial based on
the grid point matrix. An example of such a single polyno-
mial 1s shown 1n FIG. 10. The single polynomial 46 has been
fitted to the object position sequence 41.

The third step S3 1s calculating the difference 49 between
cach object position 1n the object position sequence and the
single polynomial 48, as shown 1n FIG. 11.

The fourth step S4 involves determining the maximum
value of the differences 49 between each object position 1n
the object position sequence and the single polynomaial 48.
If the maximum value of the diflerences 1s greater than or
equal to a predetermined threshold, then a reduced set of

( xz x?;
ﬁymew}X+C?-§f+CT-ng{Hﬁ
y(x) =5 , ;s ,
X w [ X XX —=X) X (X —Xr)
kyg+tan(w)-x+05’-7+(?1- E-I_ 5 + DCT - - , X = X,
55

wherein a 1s the heading angle (the angle of the first clothoid
function at x=0), C,” 1s the curvature at x=0; C,™ 1s the
constant curvature variation of the first clothoid function;
DC,™ 1s the constant curvature vanation of the second
clothoid function, and; x, 1s the value of x at the transition
between the first and second clothoid functions that together
form the double clothoid function.

However, fitting a clothoid function 1s computationally
intensive. The inventors have found that 1t 1s computation-
ally simpler to fit a double-polynomial function to each
object track. An example third order double polynomial
function 1s as follows:

60

65

history points 1s produced (this 1s the FALSE decision path
shown 1n FIG. 9). If the maximum value of the differences
1s less than the predetermined threshold (the TRUE decision
path shown i FIG. 9), then xt 1s equal to the measured
object position that 1s most distant from the fitted single
polynomial (step S5 i FIG. 9).

Returning brietly to the fourth step S4, which mvolves
testing whether the maximum value of the differences 1s
greater than or equal to a predetermined threshold. When the
condition tested 1n the fourth step S4 1s FALSE, a reduced
set of object positions 1s produced. Specifically, the object
position that 1s identified as being farthest from the single
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polynomial 1s removed from the object position sequence,
thereby forming the reduced set of object positions. The first
to Tourth steps S1 to S4 are then repeated on the reduced set
ol object positions. This processing 1s repeated until step S4
tests TRUE, whereupon xt 1s determined.

For each object position sequence, a double polynomial 1s
fitted to points making up the sequence. This fitted double
polynomial function corresponds to the object track. During
the fitting process, additional constraints, which utilise the
transition between the first and second polynomials in the
double polynomaial at the point xT (xT 1s equal to xt: both are
the transition value of x), may be used. Example constraints
are as follows:

yi(x = xT) == ys(x = xT)

d d
%(x:m —— %(X:J:T)
d*y d*y,

] (x =xT) == =" (x =xT)

As will be appreciated these three constraints correspond
to the equality of the two polynomials (v,, v,), the first
derivative of the two polynomials with respect to x, and the
second derivative of the two polynomials with respect to x,
each evaluated at the transition value, xT.

FIG. 12 shows six object position sequences with six
corresponding objects tracks 50, 51, 52, 53, 54, 55 that have
cach been fitted to the respective object position sequence
according to the method described above. Each object track

50, 51, 52, 53, 54, 55 1s described by a double polynomial
of the form:

3

(v =ap+a; - Xx+ay-x*+as-x,x<xT

Vopjt(X) =

kyg:bg+bl-x+bg-x2+bg-x3,x2xT

The si1x object tracks generally correspond to two groups
56, 57 of object tracks. The object tracks can therefore be
sorted and grouped together 1nto two object groups, which
are referred to hereinaiter as ‘swarms’.

With the above double polynomial description of the
object tracks, 1t will be noted that a, 1s a constant term 1n the
double polynomial function. In FIG. 12, a, corresponds to
the y-intercept of the corresponding object track. It will be
also be noted that the three object tracks which are grouped
into the first object swarm 56 have similar y-intercepts (1.e.

values of a,); the three object tracks which are grouped 1nto

the second object swarm 57 also .

nave similar y-intercepts

(1.e. values of a,), but which are dx:

Terent from the a, values

for the first swarm 56.

FIG. 13 shows the values a0, al, a2, and a3 as a function
of time. Fach plot shows the value of a corresponding
polynomial coeflicient (a0, al, a2, and a3) as a function of
time. At any given sample time the values of a0, al, a2, and
a3 are of course constants for a given track. The plots
illustrate that the coeflicient a0 can be taken to group object
tracks not only at a given time, but also the values of a0
remain grouped over the course of a period of time, thus
allowing the formation of object swarms corresponding to
different traflic lanes. It 1s clear from the top plot of FIG. 13,
which shows the wvalues of a0, that a0 1s an excellent
discriminator between object swarms. Remembering that the
objects for which measurements are being made correspond
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to vehicles travelling 1n lanes on a road, the path along which
objects 1n an object swarm generally corresponds to a lane.
By using multiple objects for each swarm, it 1s possible to
determine more accurately the lane position by reducing
noise (e.g. minor deviations of driving path within the lane
and occasional lane changes being within one of the object
tracks within an object swarm, for example).

Each of the object swarms corresponds to a plurality of
object tracks and each object track corresponds to an object
position sequence. The next stage 1s to fit a double polyno-
mial function (referred to hereinaiter as a ‘swarm function’)
to the object positions corresponding to all of the objects 1n
a particular object swarm. In other words, one double
polynomial function 1s determined for each object swarm.
The double polynomial has the form:

3

(yi=ap+a;-Xx+ay-x*+az-x°, x < xT

Vobjt (X) =<
J k.1"?2:"E!'_"{j'|“‘f!3’1'.3f?'|“"}?2'.3ﬁ'2+"f"?3',“1£33,.JKIT-_:"_J{ZT

The process for fitting the swarm function 1s the same as
that described above for an individual object but using
different data. FIG. 14 shows two swarm functions 58, 59,
cach corresponding to an object swarm. Each swarm func-
tion 58, 59 corresponds to the center line of a lane on a road.
Because the center line of each of two adjacent lanes has
been 1dentified (a left lane and right lane), the distance 60
between the center lines corresponds to the lane width. The
lane width accordingly may be determined by:

LW=min(LANE_WIDTH_MAX_VALUE,(a, ;-
R))

Where LW 1s the lane width; min(n, m) 1s function that
returns the smaller of m and n; a,, L 1s the a, value of the left
lane swarm function 58 and a,, R 1s the a, value of the right
lane swarm function 59. Accordingly, the lane width, LW, 1s
equal to the distance between the swarm functions of two
lanes, unless (a,;—-a,z) 1S found to be greater than
LANE_WIDTH_MAX_ VALUE (in the example function
above), 1 which case the lane width 1s set to
LANE_WIDTH_MAX_ VALUE. In this way, 1f two swarm
functions do not 1n fact correspond to two adjacent traflic
lanes, then the min function above prevents an unrealisti-
cally large lane width, LW, being derived (which may
otherwise correspond to two adjacent lanes separated by

more than a realistic
MAX VALUE make

take

lane width. LANE WIDTH
any reasonable value.

LANE_WIDTH_MAX_ VALUE may be approximately

equal to a standard real-world lane width. -

Hxample values

for LANE WIDTH MAX VALUE include 3.5 metres or
3.75 metres.

Each swarm lane function corresponds to the center line
of a lane. It will be appreciated that there 1s usually no
real-world lane marking down the center of a trailic lane.
However, the boundaries of the lane can also be derived
using the swarm function and the lane width.

FIG. 15 shows the left lane swarm function 58 and the
right lane swarm function 59. A respective left lane portion
and right lane portion are defined. Each of the left lane
portion and the right lane portion correspond to a swarm lane
portion. Each lane portion includes a pair of lane boundaries.

The lett lane portion incluc
central lane boundary 62. "

es a left lane boundary 61 and a
‘he right lane portion includes a

right lane boundary 63 anc

| the central lane boundary 62.

The left lane boundary 1s offset S8A from the first swarm
function 58 by half the lane width. The central lane boundary
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1s oifset S8B from the first swarm function 58 by half the
lane width. The central lane boundary 1s ofiset 59B from the
second swarm function 59 by half the lane width. The rnight
lane boundary 63 1s offset 59A from the second swarm
function 39 by half the lane width. The functional forms of
the left lane boundary, right lane boundary and central
boundary are therefore equal to their corresponding swarm
function plus/minus half the lane width.

A particular lane can therefore be defined by the functions
of 1ts corresponding lane boundaries. For example, 1n the
scenar1io of FIG. 15, the left lane can be defined by the left
lane 61 boundary and the central lane boundary 62; the right
lane can be defined by the right lane 63 boundary and the
central lane boundary 62. At this stage, the right lane
boundary, left lane boundary, and central lane boundary
have a double polynomaial form.

The double polynomial form for each of the lane bound-
aries may be thought of as an intermediate polynomial form.
A subsequent stage of conversion to a double clothoid form
1s possible, as follows.

As above, the double polynomial form, for each of the
swarm functions (and accordingly defining the lane portions,
defined 1n terms of the lane boundaries), 1s as follows:

3

(vi=ap+a-x+a, x*+az3-x,x<xT

Yopji(X) = 3

L‘}"z=bﬂ+f‘?1-X+E?2-x2+b3-x3,,xsz

The double clothoid has the form:

5
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25

1 xz x3
yg+tan(&')-x+0ﬁ-§ +C‘1"-E,x{xr
y(x) =5 , , ,
X X; X (X—=Xx)x (x — x,)
kyg+tan(r:r)-x+(?ﬁ’-§+€’i”-(g+ 5 ]+DC‘T- - , X

The coeflicients of the double clothoid are related to the
coellicients of the double polynomial as follows:

Yo~ 4o

c=a tan(a, )

0 45

C,"=""a,

DC,"=6 b,

By using these relations, each swarm lane portion can be
generated and described 1n a double clothoid form, the exact
values ol the coeflicients of the double clothoid being
mapped from the double polynomial that was ultimately
derived from grouped object tracks using the above rela-
tions.

FIG. 16 shows the results of a simulation of using an
apparatus for a driver assistance system as described above
to generate swarm lane portions. The results of generating
swarm lane portions 1s compared with extrapolating lane

markings identified using a camera on the ego vehicle.

In FIG. 16, the ego vehicle 70 1s located at (0, O) on the
coordinate system (1.e. the origin of the ego vehicle’s rest
frame). S1x object position sequences are shown. It will be
appreciated that the object position sequences may be of
different lengths, indeed, in reality, it 1s likely that they will
be. A swarm lane portion 1s the area between a correspond-
ing pair of lane boundaries 71, 72, 73. As demonstrated 1n
the example shown i FIG. 16, the swarm lane portions
tollow the routes of the objects (vehicles) to over 100 metres
ahead of the ego vehicle 70. The objects (vehicles) travel
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along real world traflic lanes. Thus, the swarm lane portions
follow and the real world traflic lanes more than 100 metres

ahead of the ego vehicle 70.

The lane markings derived from the camera mounted to
the ego vehicle 70 are designated by the dashed road
markings 73, 74, 75. The lane markings derived from the
camera begin to deviate from the swarm lane portions
approximately 50 metres from the ego vehicle. Above 50
metres from the ego vehicle, the lanes derived from the
camera do not follow the object tracks, and thus do not
tollow the real-world lanes on the road. Accordingly, util-
1sing those lanes derived from the camera 1 a driving aid
would not reflect the reality of the dnving situation.

A swarm lane portion may be used as the only method of
determining the position of a lane. For example, when the
road markings are not detectable by a sensor on the vehicle
because they are obscured from view (for example, by snow
on the road, or by ftrathic), it 1s still possible to determine
swarm lane portions. The swarm lane portions can be
derived regardless of whether lane markings are detectable
by sensors on the ego vehicle.

A swarm lane portion may be used as an extension to a
lane derived using data from a camera. The parameters of the
lane derived using camera data may be fused with param-
cters of the lane dernived using the swarm lane portion
generation described above. This data fusion can allow for
the generation of a lane that extends further from the ego
vehicle than lanes derived using a sensor on the vehicle to
determine lane position. The swarm lane portions more
accurately retlect the true position of the lanes on the road

> X,

on which vehicles travel for a longer distance from the ego
vehicle, even when lane markings are not visible.

An mput mto the system may be lane portions derived
using data from a camera sensor. The apparatus may com-
bine the lane portions using data from the camera sensor
with the swarm lane portions. Together a more accurate lane
can be generated.

In general, by measuring positions sequence for a plural-
ity of objects, the apparatus for a driver assistance system
according to present invention derives the position of the
traflic lanes. The position of the trathic lanes 1s thus gener-
ated without any requirement to observe or detect any road
markings using a sensor. If road markings are detected using
a sensor, then the lane information derived therefrom may be
combined with the swarm lane information.

The swarm lanes can be used by a number of driver
assistance functionalities for which the position of traflic
lanes 1s useful.

The apparatus of the present invention may be configured
to make the swarm lanes available for use by at least one
driver assistance function. The at least one driver assistance
function may configured to use the swarm lanes information
as an input 1nto 1ts decision making processing. The driver
assistance function may be configured to notily the user of
a danger based on vehicles located in the swarm lane
portions, for example. As another example, a AAC system
may be configured to control the speed of a vehicle on the
basis of vehicles located in the swarm lanes.
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Because the present invention 1s able to determine the
location of traflic lanes out to large distances, the function-
ality of driver assistance systems 1s improved because the
situational awareness of the system 1s improved. For
example, because traflic lane positions are determined to a
greater distance from the ego vehicle.

The features disclosed 1n the foregoing description, or in
the following claims, or 1n the accompanying drawings,
expressed 1n their specific forms or 1n terms of a means for
performing the disclosed function, or a method or process
for obtaining the disclosed results, as appropriate, may,
separately, or 1 any combination of such features, be
utilised for realising the invention in diverse forms thereof.

While the mmvention has been described in conjunction
with the exemplary embodiments described above, many
equivalent modifications and variations will be apparent to
those skilled 1n the art when given this disclosure. Accord-
ingly, the exemplary embodiments of the invention set forth
above are considered to be illustrative and not limiting.
Various changes to the described embodiments may be made
without departing from the spirit and scope of the invention.

While the above description constitutes the preferred
embodiment of the present invention, 1t will be appreciated
that the invention 1s susceptible to modification, variation
and change without departing from the proper scope and fair
meaning of the accompanying claims.

The 1nvention claimed 1s:

1. An apparatus for a motor vehicle driver assistance
system, comprising the apparatus being operable to deter-
mine the position of a portion of at least one lane of a road
on which a vehicle 1s travelling, the apparatus being con-
figured to:

determine an object position sequence lfor each of a

plurality of objects based on data from a sensor on the
vehicle:

generate an object track to approximate each of the

respective object position sequences;

sort the object tracks 1n to at least one object group

according to a value of at least one parameter of each
of the object tracks;

for each of the object groups, generate a swarm function

to approximate the object position sequences of the
object tracks that are members of the respective object
group and;

generate a swarm lane portion according to the swarm

function, the swarm lane portion representing a portion
of a lane,

wherein the object track has an object track function 1n the

form of a double polynomial form including a first
polynomial function and a second polynomaial function,
the first and second polynomial functions being equal at
a polynomial point of equality.

2. An apparatus according to claim 1 further comprising,
wherein the apparatus 1s further configured to transform
cach of the object position sequences 1nto a rest-frame of the
vehicle.

3. An apparatus according to claim 1 further comprising,
the apparatus further configured to discard the objects that
are static relative to the road on which the wvehicle is
travelling.

4. An apparatus according to claim 1 further comprising,
wherein the swarm function defines a center line of a
corresponding of the swarm lane portion.

5. An apparatus according to claim 4 further comprising,
the apparatus configured to generate a left lane line with a
left lateral offset from the center line and a right lane line
with a right lateral ofiset from the center line.
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6. An apparatus according to claim 5 further comprising,
wherein the right lateral offset 1s equal to the left lateral
oflset, which 1s equal to half of a lane width.

7. An apparatus according to claim 1 further comprising,
wherein the swarm lane portion extends forwards from the
vehicle to a maximum swarm lane distance.

8. An apparatus according to claim 1 further comprising,
wherein the apparatus 1s configured to receive an put lane
portion derived using a detection of road markings by one or
more sensors mounted to the vehicle, wherein the mput lane
portion extends forwards from the vehicle to a maximum
input lane distance, and wherein the swarm lane portion
extends beyond the maximum input lane distance.

9. An apparatus according to claim 1 further comprising,
wherein the first derivative of the object track function
evaluated at the polynomial point of equality 1s equal to the
first derivative of the second polynomial function evaluated
at the polynomial point of equality.

10. An apparatus according to claim 1 further comprising,
wherein the second derivative of the object track function
evaluated at the polynomial point of equality 1s equal to the
second derivative of the second polynomial function evalu-
ated at the polynomial point of equality.

11. An apparatus according to claim 1 further comprising,
wherein the swarm function has a double clothoid form
including a first clothoid function and a second clothoid
function, the first and second clothoid functions being equal
at a clothoid point of equality.

12. An apparatus according to claim 11 further compris-
ing, wherein during the generation of the swarm function, an
intermediate polynomial function i1s generated function to
approximate the object position sequences of the object
tracks that are members of the respective object swarm, and
the swarm function i1s determined 1n terms of the interme-
diate polynomial function.

13. An apparatus according to claim 1 further comprising,
wherein the object tracks are sorted according to a value of
a constant term 1n each of the object tracks.

14. An apparatus according to claim 1 wherein the sensor
on the vehicle includes a RADAR sensor or a LIDAR
SENSOr.

15. An apparatus according to claim 1 wherein the sensor
on the vehicle includes a pair of optical sensors configured
as a stereo vision system.

16. An apparatus according to claim 1 wherein the appa-
ratus 1s further configured to combine the swarm lane
portion generated using the object position sequences with
lane portions derived using data from a camera sensor.

17. Amethod for a motor vehicle driver assistance system,
the method for determining the position of a portion of at
least one lane of a road on which the vehicle 1s travelling, the
method comprising the steps of:

determining an object position sequence for each of a

plurality of objects based on data from a sensor on the
vehicle;

generating an object track to approximate a respective

object position sequence;

sorting the object tracks 1n to at least one object group

according to a value of at least one parameter of each
of the object tracks;

for each object group, generating a swarm function to

approximate the object position sequences of the object
tracks that are members of the respective object group;
and

generating a swarm lane portion according to the swarm

function, the swarm lane portion representing a portion
of a lane,
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wherein the object track has an object track tunction in the
form of a double polynomial form including a first
polynomial function and a second polynomaial function,
the first and second polynomial functions being equal at
a polynomial point of equality.

18. The method of claim 17, further comprising combin-
ing the swarm lane portion generated using the object
position sequences with lane portions derived using data
from a camera sensor.

19. An apparatus for a motor vehicle driver assistance
system, comprising the apparatus being operable to deter-
mine the position of a portion of at least one lane of a road
on which a vehicle 1s travelling, the apparatus being con-
figured to:

determine an object position sequence for each of a

plurality of objects;

generate an object track to approximate each of the

respective object position sequences, wherein the

10

15

16

object track has an object track function in the form of
a double polynomial form including a first polynomial

function and a second polynomial function, the first and
second polynomial functions being equal at a polyno-
mial point of equality;

sort the object tracks 1n to at least one object group
according to a value of at least one parameter of each
of the object tracks;

for each of the object groups, generate a swarm function
to approximate the object position sequences of the
object tracks that are members of the respective object
group and;

generate a swarm lane portion according to the swarm
function, the swarm lane portion representing a portion
of a lane.
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